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Abstract

Public policy toward horizontal mergers has long been primarily structural, relying heavily on
presumptions based on market shares, and eschewing any quantitative assessment of a merger's
likely effects on price or welfare. As an alternative to structural presumptions in differentiated
products industries, this essay proposes the estimation of the price and welfare effects of
mergers constructed through simulations of the mergers within the context of tractable
oligopoly models calibrated to the particular characteristics of the industry in question. Such
simulations generally would be have 1o be highly simplified, and the estimates from them
would therefore be rough. Nevertheless, they would provide a better basis for assessing the
legality of a2 merger than do structural presumptions.

* Werden: Director of Research, Antitrust Division, U.S. Department of Justice. Froeb: Owen
Graduate School of Management, Vanderbil: University. The views expressed herein are not purported
to reflect those of the U.S. Department of Justice. Forthcoming in Malcolm B. Coate & Andrew N,
Kieit, Compeiition Policy Enforcement: The Economics of the Antitrust Process.




" 1. Introduction

Public policy toward horizontal mergers, as embodied in the case law and in the
Horizontal Merger Guidelines issued in 1992 by the U.S. Department of Justice and Federal
Trade Commission, is primarily structural. Relevant markets are first delineated; market shares
arc assigned; and particular market shares and levels of market concentration give rise to
presumptions of illegality. While the presumptions can be overcome and there is much more
than this to merger analysis,! market delineation and market shares remain the heart and soul
of horizontai merger policy. As the Supreme Court recently noted, “market definition generally
determines the result of the case.™

Apan from presumptions from market shares, horizontal merger analysis consists of an
assessment of the facts of each partjcular case with a view toward the likely effects of the
merger on prices, outputs, and other dimensions of competition and welfare. This analysis may
be insightful, but it is rarely quantitative. Rather, presumptions from market shares are
supplemented primarily by the personal impressions and strongly held prior beliefs of
enforcement officials, expert wimesses, and judges.

Economists (e.g.. Chamberlin, 1950, 86-87; Hausman, Leonard, and Zona, 1992) have
criticized reliance on market shares, particulariy in differentiated products industries. But
economists gencrally have not offered systemaric, quantitative methods for predicting the
effects of mergers,’ and even conceptually simple approaches probably were not very practical
until personal computers became. ubiquitous and high-level programming languages like
Mathematica were introduced.

This essay proposes a more quantitative approach to the amalysis of mergers in
differentiated products industries. Rather than begin with presumptions based on market
shares, we suggest that the analysis of a merger begin with a simulation of its effects within
the context of a tractable oligopoly model calibrated to the particular characteristics of the
industry in question. Simple simulations are relatively easy to do and require little information
beyond that required to compute market shares. Even if considersd unrealistically simplistic,
merger simulations provide a little light in a very dark place. If detailed information on the

structure of demand is available, the methodology can be extended to more compiex and more
accurate simulations.

! See generaily Horizontal Merger Guidelines §3 2-5.

* Eastman Kodak Co. v. Image Technical Services. Inc., 504 U.S. 451, 469 n.15 (1992).

* Notable exceptions are Baker and Bresnahan (1984) and Hausman, Leonard, and Zona (1994),
which are discussed in section 4.5 below. We also believe that the 1982 Merger Guidelines issued by
the U.S. Department of Justice were a step in the right direction. They were a serious attempt 1o inject
2 measure of science and reproducability into structural merger analysis. See Werden (1983; 1992b,
190-205; 1993),

Most lawyers resist the use of scientific methods, both in directly predicting the effects of mergers
and in the implementation of structural merger policy.



Section 2 discusses structural merger policy as it is applied to differentiated products
industries and examines its shortcomings in general terms. Section 3 continues in the same
vein by examining the standards of the Horizontal Merger Guidelines within the context of a
model of differentiated oligopoly. Section 4 details simulation as an altzmative to structural
merger policy. A few concluding comments are contained in Section $.

2. Shortcomings of Structural Merger Analysis

Structaral merger policy as we know it was initially developed in three Supreme Court
cases. The term “relevant market™ was introduced in the Columbia Steel case in 1948, which
also was the first horizontal merger case to focus on market shares* The Court held the
merger challenged in that case to be lawful, and congressional dissatisfaction with that result
was a major factor precipitating amendment of the merger law in 1950.°

The basic principles followed by the lower couns today were laid out by the Supreme
Court in the first two horizontal mergers cases decided on the merits by the Court under the
1950 amendments. In Brown Shoe, the Supreme Court held that marker delineation is a
prerequisite in horizontal merger cases, and it emphasized market shares in its analysis of the
effects of the merger.® In Philadelphia National Bank the Court held that sufficienty high
market shares estabiish the presumptive illegality of horizontal mergers.’

The Supreme Court has not had occasion to revisit these decisions, nor have the numerous
lower court decisions over the last three decades greatly elaborated on these themes. The most
influential elaboration on Brown Shoe and Philadelphia National Bank is that in the Horizontal
Merger Guidelines. In Section 1.51, the Guidelines articulate general enforcement standards
for horizontal mergers based on two measures of market shares and concentration-—the
“increase in the HHI,” defined as twice the product of the pre-merger shares of the merging
fimns, and the “post-merger HHI,” defined as the pre-merger Herfindahl-Hirschman Index
(HHI)* for the relevant market plus the “increase in the HHL"

* United States v. Columbia Steel Co., 334 U.S. 495, 508, 512-13 & n.10 (1948).

* The Columbia Steel case arose under the original section 7 of the Clayton Act enacted in 1914,
The Celler-Kefauver Act of 1950 amended the Clayton Act to prohibit mergers the effect of which
“may be substantially to lessen competition . . . in any line of commerce in any section of the country.”
The latter two phrases were interpreted as meaning “in the relevant product and geographic market.”
See Werden (1992b, 125-30).

* Brown Shoe Co. v. United States, 370 U.S. 204, 334, 343 (1962).

! United States v. Philadelphia National Bank, 374 U.S. 321, 363 (1963).

' The HHI1 is the sum of the squares of ali competitors’ shares of a defined market. So that hwyers .
will not have 10 cope with decimais, the Guidelines express market shares in percentage terms, 5o the
HHI falls between 0 and 10,000. For example, with just two competitors having shares of 30 and 70,
the HHI wouyld be 307 + 70° = 900 + 4900 = 5800,
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The Guidelines state that a merger falls within a safe harbor if the “post-merger HHI" for
the relevant market is at most 1,000 or the “increase in the HHI” is at most 50. If the “post-
merger HHI” exceeds 1,800, the Guidelines “presume that mergers producing an increase in
the HHI of more than 100 points are likely to create or enhance market power,™ but this
presumption may be overcome by other factors discussed in later sections, including one on
differentiated products.

Section 2 of the Horizontal Merger Guidelines makes an important contribution by laying
out particular theories of possible anticompetitive effects from mergers and by articulating
factors 1o be considered in evaluating both the relevance of each theory to any particular case,
and the likely anticompetitive effect under each particular theory. The Guidelines separate the
theories into two categorics—“cool:dimtcd” and “unilateral.” Unilateral effects are those
arising from internalizing the direct competition between the merging firms in the profit-
maximization calculus of the merged firm. For example, the price increase that results from
the merger of competitors in 2 non-cooperative, price-setting oligopoly (see Deneckere and
Davidson, 1985) is a unilateral effect. Thus, the familiar Bertrand, Cournot, and dominant-firm
oligopaly models all refiect unilateral effects. Coordinated effects are other horizontal effects.
such as the increased likelihood of some form of collusion.

Section 2.21 of the Guidelines discuss the unilateral effects of mergers in differentiated
products industries. In it, the Guidelines state that a merger will be presumed to hamm
consumers significantly if the combined share of the merging firms is at least 35%.'° One may
infer that a merger will be presumed not to harm consumers significantly through unilateral
effects if the combined share of the merging firms is below 35%.

What follows is concemned solely with the unilateral effects of merger in differentiated
products industries. In differentiated products industries, we (Werden and Froeb, 1994, 1 n.1)
consider coordinated effects to be of much less importance than unilateral effects.

2.1 Shortcomings Common to All Industries

Neither the case law nor the Horizontal Merger Guidelines explicitly link their market
share presumptions to any measure of the effects of mergers on prices or welfare. Neither

* There is an intermediate region between the two in which mergers are neither in 2 safe harbor nor
does any presumption atiach.

' The rationale for the 35% test is not explained in the Horizontal Merger Guidelines, but it
appears o refiect a conscious decision to make the range of mergers subject 1o challenge on the basis
of unilateral effects much narrower than the range of mergers subject to challenge on the basis of
coordinated effects. We find this decision odd becanse we agree with Hay and Werden (1993) that
noncooperative oligopoly models offer a far firmer basis for merger policy than does any notion of
collusion. The rationale for using a standard based on the combined share of the merging firms most
likely was that it permitted use of the 35% number that had appeared in prior editions of the Guidelines
in 2 differen: context. In the 1982 and 1984 Merger Guidelines, there was a separate enforcement
standard for mergers by large. leading firms, defined using the 35% test.
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states any association between particular market shares and panicular quanta of price and
welfare effects, and neither articulates specific price increase or welfare decrease thresholds
for illegality."

Because horizontal merger policy is not based explicitly, even if indirectly, on likely price
and welfare effects. it lacks potentially important reality checks. This is easily seen by
contrasting the present situation with one in which particular price and welfare cffects were
explicitly associated with the market share thresholds. In the latter event, it would be possible
to apply two useful checks on the validity of current market share presumptions. It would be
possible to examine, theoretically and empirically, whether mergers at the thresholds are, in
fact, likely produce the asserted price and welfare effects. And it wouid be possible to examine
whether the asserted price and welfan:. effects really should trigger presumptive illegality.

The fact thar presumptions of illegality are not explicitly based on predicted price and
welfare effects also implies a failure to communicate in litigation about the legality of
particular mergers. The various lawyers, expert witnesses, and judges may well have widely
differing notions of the likely magnitudes of the price and welfare effects associated with
particular merging firms’ market shares. While one person may have in mind that given
market shares are likely to be associated with a price increase of less than 1%, another may
have in mind that the same shares are likely to be associated with a price increase of 50%."
In such circumstances, the discussion about relevant markets and shares that takes place in 2 -

trial is far less important than the discussion that may not take place about the implication of
the markets and the shares.

It is also doubtful that current structural merger policy property accounts for the basic
eiements of market structure. To whatever extent the merging firms’ market shares are
predictive of the price and welfare cffects of mergers, the relationship is almost surely
continuous, whereas market share presumptions basically just categorize shares as small or
large. Additional points relating to the specific standards in the Horizontal Merger Guidelines
are discussed in Section 3.

A third general problem with structural merger analysis is that there probably is no simple
relationship between the merging firms® shares and effects on price and welfare. To the extent

" It is possible that the market share presumptions used in the case law and in the Horizontal
Merger Guidelines were predicated on an unstated relationship to panicular price and welfare effects.
There are two possible bases for such a relationship—empirical evidence and theoretical models. There
is some empirical evidence indicating how the market shares of merging firms relate to price and
welfare effects (see generally Werden, 1991). Within the context of many particular oligopoly models,
il is relatively straightforward to examine the quantitative relationship between the shares of merging
firms and the price and welfare effects.

12 This is a not purely hypothetical problem. Our experience is that there are huge differences in

prior beliefs among economists and lawyers working in antitrust, and they dramatically influence
judgments.
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that the relationship can be modeled or estimated in some way, it surely would be possibie to
enhance greatly the precision in merger analysis.

Finally, the fact that there are no explicit notions of price and welfare effects behind
market share presumptions makes it impossible explicitly to tradeoff any efficiency effects of
mergers that can be demonstrated and quantified. Without guantification of anticompetitive
effects, there is no way in which to ascertain whether such effects are sufficient to outweigh
a specified reduction in marginal or fixed costs for the merged firm.

2.2 Problems Particular to Differentiated Products Industries

Because of the critical role played by market share presumptions in merger law, the
central focus of merger litigation commonly is market delineation and market shares. Typical
characteristics of differentiated products, and consumer preferences over them, provide much
room for argument about market boundaries and at the same time make such arguments a
panicularly fruitiess exercise.

Different products generally are not tightly clustered in terms of prices and various
product attributes; rather, products appear over a broad and fairly continuous range. Moreover,
consumers have compiex and differing subjective preferences with respect to price and other
product auributes. Not only do consumers differ with respect 10 first choices, consumers
making the same first choices may differ on second and third choices. Competition is
somewhat Jocalized, because second- and third-choice products for most consumers are similar
in price and product attributes to their first-choices. On the other hand, competition is not
entirely localized, in that the second- and third-choice products for some consumers are not
particularly similar in product attributes to their first choices.

One implication of these characteristics is that any relevant market delineated by reference
to substantial gaps in the chain of substitutes likely would be exceptionally broad. This
provides defendants with an opportunity to arpue for a very broad relevant market, because
there is support in the case law' and economic literature’ for the proposition that no
meaningful boundaries can be drawn within a price and quality continyum.' This argument
may apply to undifferentiated products as weil, since spatial and other product differences also

" In Brown Shoe Co. v. United States, 370 U.S. 294, 326 (1962), the Supreme Court held that
“[w]here the antitrust plaintiff articulates product differences along a spectrum of price and quality, the
product market distinctions are economically meaningless.” A few other cases are similar.

" This view was espoused by Robinson (1969, 17) and more recently by Schmalensee (1982,
1799-800),

* Defendants may cases take the opposite tack, arguing for such narrow markets that the merging
firms are not even in the same market. As explained by Werden (1992a, 117--18), this argument often

has more merit that the broad market argument actually used, particularly under the Horizontal Merger
Guidelines, but it is seldom used.
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may present a continusm: however, it is particularly strong with differentiated products for a
variety of reasons.

First, differentiated products nearty always present a price and quality continuum, whereas
undifferentiated products typically exhibit significant breaks in the chain of substitutes, at least
with respect to the product dimensions of the market. Second, differentiated products tend to
have multiple quality atributes, each of which may present a continvum. Third, a
differentiated product is likely to compete, at icast o a limited extent, directly with products
that are not adjacent along the continuum of any of the product's attributes. That is, a given
consumer may consider practically anything to be the next-best substitute for any particular
product. Finally, a broad range of products are likely to be functionally substitutable (e.g., all
beverages, including tap water, are functionally substitutable for any particular brands of soft
drinks or malt beverages), and the subjective consumer preferences that limit actual substitution
are difficult to prove in court. Speculation about preferences, even well informed speculation
by market participants, tends to lack the clarity, consistency, and scientific validity that are the
hallmarks of totally convincing evidence.

The purpose of advocating a very broad market delineation, of course, is to produce very
smal! market shares, and the importance of market share presumptions gives defendants 2
powerful incentive to argue for broad markets. Defendants have responded to this incentive,
for example, by asserting that the relevant market for a soft drink merger included all
beverages.'® What is likely to be overlooked in this process is the critical fact that small
market shares are meaningless if markets are delincated very broadly. What matters is not
share in some arbitrary market, but rather how often the product of either merging firm is
viewed by consumers as the next-best substitute of the other merging firms, and how close the
third-best substitute is in such cases. The preoccupation with market delineation and shares
may cause the real issues to be overlooked.

Plaintiffs—government and private—also play the market delineation game. If the
merging firms are particularly close in product space, a harrow market delineation will yield
very high market shares, so there is a strong incentive to delineate a very narrow market,
particuiarly in light of the Horizontal Merger Guidelines’ 35% rule. Plaintiffs have responded
to this incentive by advocating, for example, that the relevant market for a candy merger was
“gift boxed chocolates sold nationally through chain drug stores and mass marketers.”"

A narrow market delineation often is supponed by the market delineation principles of
Sections 1.1 and 1.2 of the Guidelines, which define a market as a group of products and
associated geographic area within which a profit-maximizing monopolist would raise price
significantly. The Guidelines' Smallest Market Principle further states that the relevant market

* Federal Trade Commission v. Coca-Cola Co.. 641 F. Supp. 1128, 1133 (D.D.C. 1986).

" Pennsylvania v. Russell Stover Candies, Inc., 1993-1 Trade Cas. (CCH) § 70.224 at 70,090 (E.D.
Pa 1593,
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genenally is the smailest group of products and area that constitute a market.* The Guidelines’
definition of a market does not preclude the delineation of a narrow market within a broad
price and quality continuum because a monopolist might be able to exercise significant market
power in just a small portion of the continuum, and if so, the Guidelines® Smallest Market
Principle may require a narrow market delineation.

If markets are to be delineated and market share presumptions are to be used, the
Guidelines’ approach surely is preferabie to the delineation of very broad markets in which
market shares are sure to be meaningless. However, shares of a Guidelines market still tell
little of the story. There will always be some competition at the margin, and it must be
accounted for in a proper analysis of the likely competitive effects of a merger. More
importantly, the key to a proper co:?petiu've analysis of a differentiated products merger is a
careful consideration of the competition between the merging firms, and market shares do not
necessarily indicate much about that,

3. The Specific Structural Standards of the Horizontsl Merger Guidelines .

To examine the utility of the specific structural standards of the Horizontal Merger Guidelines,
it is useful to postulate a panticular model of oligopoly and, especiaily, a particular demand
system. We postulare that the oligopoly equilibrium is noncooperative in price and specify a
logit demand system, The assumption of logit demand certainly is arbitrary, but by no means
unprecedented. Willig (1990, 299-304) used logit demand to motivate the use of market share
presumptions for differentiated products mergers. He considered the logit model to be a base
case in the sense that the merging firms are neither especially close in product space nor
especially far apart. Willig was one of the principal authors of the 1992 Horizontal Merger

Guidelines, and the differentiated products section of the Guidelines appears to reflect his
analysis. ,

3.1 The Antitrust Logit Model"’

A logit demand system can be motivared in several distinct ways (see Anderson, de Paima,
and Thisse, 1992, chs. 2, 5; Werden, Froeb, and Tardiff, forthcoming). With iogit demand, the

choice probabilities, P, have the form

exp(@; - Bp)/ X, exp(e, - fipy). N
where p, is the price of good j, Q; is a parameter summarizing generally perceived quality

"* The Guidelines® approach to market delineation is discussed in detail by Werden (1983, 1992b,

1993). The application to a continuum of differsntiated products is discussed by Werden and Rozanski
{1994).

" The material discussed in this section is treated in much greater detail by Werden and Froeb
(1994) and Werden, Froeb, and Tardiff {forthcoming). The actual merger simulations are conducted
using a Mathematica program, detaiied by Froeb and Werden (forthcoming).



differences among products, P is a parameter indicating the sensitivity of choices to prices, and
C is the set of possible choices. '

Following Werden, Froeb, and Tardiff (forthcoming), we use the Antitrust Logit Model
(ALM), which expresses the foregoing in traditional antitrust terms. Product a is defined to
reflect the choice of “none of the above,” i.c., to be an “outside good,” and it is assumed that
p. = 0 to make the utility of the outside good a constant. The choice probabilities for the
“inside goods” (i.e., those other than the outside good), conditional on the choice being an
inside good, are termed “shares™ and denoted s, The aggregate elasticity of demand for the
inside goods (defined to be positive) is denoted €. Defining P as the share-weighted average
pre-merger price for the inside goods, Werden and Froeb (1994, 410) have shown that equation
1 implies

N 1

€ = BpF,. @
The own-price and cross-price elasticities of demand, ¢; and g, are

g; = Pp,(1-B) = [BP(1 -5) +esIp/P (3)

&, = Bp.R = s\BF-¢€)p/P. (4)

As is clear from equation 4, B controls the degree of substitutability among the inside goods.

The simplest version of the ALM further assumes that: each product is initially sold by
a single firm; each firm has constant marginal cost, ¢;; and fixed costs are sufficiently low that
no firms shut down in equilibium. It also assumes that firms compete by setting prices
nencooperatively both pre- and post-merger. Anderson, de Palma, and Thisse (1992, 264-66)
have proved the existence and uniqueness of equilibrium in a noncooperative, price-setting
aligopoly with logit demand.

In logit models, the effect on consumer welfare of a change in any argument of the utility
function is calculated as the compensating variation necessary to restore consumers to the
original level of utility. As shown by Small and Rosen (1981), the change consumer welfare
loss from changing prices from {p}’} to [p}) is given by

{iIn3,; exp(e; - Bp}) - In Z;exploy~ BpD] B 5)
Total welfare is defined in the conventional manner as consumer welfare plus profits.

Werden and Froeb (1994) show that implications of this model are: The prices of all
products in the industry increase as a result of a merger, but the magnitudes of the price
increases are very different for different products. If the merging firms are of different size,
their merger has asymmetric effects on their prices; the price of the smaller-share product
increases more, typically much more, than that of the larger-share product. In addition, the
merged firm typically increases the weighted average of its two prices much more than any
nonmerging firm increases its price. Larger nonmerging firms increase price more than smaller
ones, so increased concentration among the nonmerging fims increases the price effect of a
merger, but the effect is typically fairly weak.
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Since all prices increase, it follows from equation 5 that consumer welfare decreases as a
result of a merger; however, Froeb, Tardiff, and Werden (1994) show that total welfare may
be enhanced by a merger. Welfare gains can arise because a merger causes a shift in
production from merging firns to nonmerging firms. If small or medium-sized firms merge,
there is a shift in production to larger firms. In this model, larger firms necessarily have both
lower costs and more preferred products, so total welfare may increase as a result. Welfare
zlinsalsocanaxisehecauseamergcrcaumaﬂﬁﬁinpmducﬁonfmmommﬁngﬁmm
the other. The merger of a large firm with a smaller firm causes s shift in production from the
smaller merging firm to the larger, which has lower costs and more preferred products, and
total welfare may increase as a result. While either of these effects may cause a merger to
produce a net increase in weifare, that is far more likely with the former effect.

For an industry consisting of firms of roughly the same size, there is so litle potential for
gain by shifting production that all mergers lessen welfare—even if the industry is
unconcentrated. For an industry with considerable asymmetry of firm sizes and efficiencies,
however, there is a significant potential for gain by shifting production. Considerable
asymmetry of firms sizes is likely to entail substantial concentration; thus, mergers in
concentrated industries are much more likely to enhance welfare than mergers in
unconcentrated industsies.

3.2 The Standards of the Horizontal Merger Guidelines in Light of the ALM

Within the context of the ALM, it is possible to address the following questions relating
to the structural standards in the Horizonial Merger Guidelines: Is the combined share of the
merging firms, as used in the 35% ruie, a useful predictor of price and welfare effects? Is the
product of the shares of the merging firms, as used in the “increase in the HHI” screen, a
useful predictor of price and welfare effects? Is the concentration of the nonmerging firms,
as reflected by the “post-merger HEI" screen, a useful predictor of price and welfare effects?
Do structural indicators alone adequately predict the price and welfare effects?

In addressing these questions. the following notation is useful:

AH = the “increase in the HHL,”
twice the product of the pre-merger shares of the merging irms

H,. = the pre-merger HHI for the nonmerging firms,
defined over just the universe of nonmerging firms

S = the pre-merger combined share of the merging firms
Ap, = the share-weighted sverage percentage price increase
for the merging firms as a result of the merger
Ap,, = the share-weighted average percentage price increase
for the industry as a result of the merger
ACW = change in consumer welfare as a result of the merger
25 4 percentage of pre-merger revenue
AW = change in total welfare as a result of the merger
is a percentage of pre-merger revenue
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Since the Horizontal Merger Guidelines” 35% rule places great weight on 5, we begin in
Table 1 by varying s., holding constant both AH and distribution of shares among the
nonmerging firms (but not the “post-merger HHI™).* For illustrative purposes. AH is 300. and
H,. is 2,000 (5 equal-sized nonmerging firms). We find that the industry-wide price effects
of the merger, as refiected in both Ap,, and ACW, are nearly the same for all of the mergers.
Increasing 3, increases total welfare loss somewhat, but it decreases Ap,. Thus, 5, sppears
worthless as a predictor industry-wide price effects or consumer welfare and actually gets
things backward as a predictor of the merging firms’ price increase.

Table 1. Price and Welfare Effects of llustrative Mergers Varying Only 2,

Su Apa ' Apu ACW AW
25 2.16 0.54 -0.56 -0.14
30 1.77 0.54 -0.57 -0.16
35 1.50 0.54 -0.57 -0.18
40 1.3t - 0.53 -0.58 -0.19
45 1.16 0.53 -0.59 021

Note: For all mergers it is assumed that all pre-merger prices equal one,
B=5, &= 1,and there are 5 nonmerging firms with equal shares. To
two decimal places, the respective market snares of the merging firms
are (15, 10), (23.66, 6.34), (30, 5). (35.81, 4.18), and (41.38, 3.63).

In addition to the special standard applied to differentiated products industries, the
Horizontal Merger Guidelines rely on AH and on the “post-merger HHIL." We examine their
relationships to the four measures of price and welfare effects in Tables 2 and 3. in Table 2,
we vary AH, holding constant both s, and the distribution of shares among the nonmerging
fims. For illustrative purposes, s, is 35%. and there are two identical nonmerging firms
(making H,. 5,000 and the “post-merger HHI" 3,337.5). Remarkably, 4p.. AP+ ACW, and AW
are aimost exactly proportional to AH.

® ‘The logit merger simulations do not involve market delineation as such, but the implicit market
delineation falls between the very broad market delineation that defendants likely would advocate and
the very narrow market delineation that plaintiffs likely would advocate. For most of the simulations,
the assumed elasticity of demand for the inside goods is 1, which might be a plausible elasticity of
demand for all soft drinks or all brands of beer. Defendants might argue that the relevant market was
all beverages, in which demand likely would be highly inelastic, while plaintiffs might argue that the
relevant market is just colas of premium beers. in which demand likely would be elastic.
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Table 2. Price and Welfare Effects of Illustrative Mergers Varying Oniy AH

AH Ap, Ap ACW AW
100 0.48 0.20 -0.22 -0.04
200 0.99 0.41 ~0.44 -0.09
300 1.52 0.62  0.66 -0.14
400 2.09 0.84 -0.38 -0.19
500 2.68 1.06 -L11 024
600 331 1.29 -1.33 029

Note: For all mergers it is assomed that all pre-merger prices equal one.
B =35, ¢ =1, and there are two nonmerging firms with equal shares. To
two decimal places, the respective market shares of the merging firms
for the six mergers are (33.41, 1.49), (31.86, 3.14), (30, %), (27.81,
7.19), (25, 10}, and (20, 15).

Table 3. Price and Welfare Effects of Illustrative Mergers Varying Only H

Number of
H. Nonmerging Ap, APy ACW AW
Firms
1,000 10 2.15 0.52 -0.54 -0.16
2,500 4 2.16 0.56 —0.58 =0.13
3,600 4 2.16 0.60 -0.62 «0.12
5.000 7 2 2,18 0.67 -0.68 ) -0.09
6,800 2 ' 2.19 0.77 -0.79 -0.09

Note: For all mergers it is assumed that all pre-merger prices equal one, B = 5, and
e= 1. Among the nonmerging firms, the shares are equal in first, second. and fourth
rows. In the third row, nonmerging firms have shares of 37.5, 22.5, 7.5, and 7.5. In
the fifth row, the nonmerging firms have shares of 60 and 15.

In Table 3, we vary H,,. holding constant both AH and 5,. The relevant variable is H_,
rather than the “post-merger HHL™ because the “increase in the HHI" is a component of the
“post-merger HHI.” and we want to assess the independent predictive power of the *“post-
merger HHL™ The shares of the merging firms are assumed to be 15% and 10%, yielding an
5. 0f 25% and a AH of 300. Ap, is roughly the same for all of the mergers, but Ap,, and ACW
are somewhat greater for more concentrated distributions of the nonmerging firms because
larger nonmerging firms increase price more as a resuit of a merger. This is true both when
the number of firms is changed, holding the variance constant (compare rows 1, 2, and 4), and
when the variance of shares is changed, holding the number of firms constant (compare rows
2 and 3, and rows 4 and 5). Nevertheless, the effect of H,., on Ap,, or ACW is fairly modest.
Because varying H,,_ has relatively little effect on ACW, the effect of H.. on AW is driven
primarily by cost effects. With H,, greater than about 1,000, industry average cost falls a
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result of the mergers, and this cost effect is relatively large. Consequently, greater
concentration among the nonmerging firms reduces the welfare loss from a merger.

The foregoing exercises suggest that the “increase in the HHI” is a far better predictor that
either the combined share of the merging firms or the “post-merger HHL™ This conclusion can
be reinforced by consideration of randomly generated mergers in which 5., AH, and H,__ all
vary simultaneously.* Details of the simulation results are reported by Werden and Froeb
(1993, $-10). In a nutshell, they show that AH is far benter predictor of both measures of price
and both measures of welfare than is s, or H,,, and that AH alone predicts price and welfare
effects nearly as well as is AH combined with s, and H,,.

The overall conclusion from these illustrations is not so much that the “increase in the
HHI," as used in the Horizontal Merger Guidelines, is a good predictor, but that the other two
structural standards used by the Guidelines are not such good predictors and add very little to
what is indicated by the “increase in the HHI” alone. Apart from the impact of the “increase
in the HHL," the “post-merger HHI™ has lintle effect on either the price effects or the welfare
effects of mergers in logit oligopoly. On the other hand, it is certainly the case that 2 merger
is highly unlikely to have serious adverse effects if the “post-merger HHI™ is below 1,000, the
safe harbor level in the Guidelines. Requiring that the combined shares of the merging firms
exceed 35% is not supportable in light of the foregoing. To the extent that there should be a
threshold for challenging mergers expressed as a function of the merging firms’ shares, that
threshold should be in terms of the “increase in the HHI.”

The foregoing is more useful in comparing the relative performance of the three market
share and concentration standards in the Horizontal Merger Guidelines than it is in indicating
the absolute predictive power of any or all of those standards, because it has been assumed that
p and & were known and constant. There remains the question of how well the market share
and concentration standards of the Guidelines predict when values of the demand elasticity
parameters are neither constant nor known. This, of course, is the state of the world with
which merger policy must contend. To explore this question, we consider a thousand merger

* For each merger simulation, a random number generator selects the number of firms in the
industry from a discrete, uniform distribution of integers from 4 to 10 and selects outputs from a
continuous, uniform distribution over the interval [0, 1]. The outputs are converted into market shares
by dividing each by their sum. We assume that all pre-merger prices equal one, B = 5, ¢ = 1, and the

merging firms are the first two generated. These parameter values are comparable to estimates we have
seen for actual industries.

In the simulations, the median AH is 326: the median H_ is 2,689; and the median s_ is 29.8. The
stmulations also produced a considerable range in all of the measures of market shares and
concentration. Since all the simulations have at most en firms, none is in the Horizontal Merger
Guidelines’ safe harbor associated with a “post-merger HHI” below 1,000, but 11.6% fall in the safe

harbor by virtue of an “increase in the HHI™ of less than 50. For 80.4% of the simulations the
“increase in the HHI” exceeds 100.
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simulations in which a random number generator selects § from a continuous, uniform
distribution over the interval [2, 10] and & from the interval [.5, p—1).

Table 4 indicates the proportion of variance in the price or welfare measures explained by
the comesponding index of market shares or concentration. It suggests that AH is, at best, a

mediocre predictor of both measures of price and both measures of welfare, while s, and H,
are substantially worse predictors.

Table 4. Percentage of Variation in Price and Welfare Explained by s, AH, and H__

Apa - bpu  ACW AW

AH 421 567 562 613
Ho 135 253 254 241
5a 352 461 463 A76

Figure 1 provides a more graphic indication of the predictive power of AH in absolute
terms. Based on the thousand simulations, it gives approximate, empirical 95% confidence
intervals for Ap., and AW given AH. Figure 1 conveys two obvious but important messages.

3 -
2+
Confidence Interval for
Change in Industry Price
1 .
AH = 500 A = 1000
0 .
Coafidence Interval for
- . Change in Welfare
-1+

Figure 1. 95% Confidence Intervals for Change in Industry Price and Change in Welfare
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First, mergers that are relatively small, but nevertheless trigger the presumption in the
Guidelines created by the “increase in the HHI™ of at least 100, are likely to be associated with
wivial price and welfare effects. Indeed, these effects are so small that the Guidelines’
“increase in the HHI" threshoid of 100 makes sense only if one believes either that mergers
are likely to generate no efficiencies or that only consumer welfare should be considered in
merger cases. The 35% rule could be justified as requiring larger mergers o Lrigger the
presumption, since a combined share for the merging firms of 35% typically translates into an
“increase in the HHI™ of 400-500. Of course, it would have been better to specify that the
presumption of illegality attaches when the “increase in the HHI™ exceeds 400 or 500.

Second, large mergers, which may have significant price and welfare effects, exhibit an
extraordinarily large variance in effects. Trivially small effects are possible, as are quite
substantial ones. ‘Thus, there is an acute need for a method of predicting merger effects that
can narrow the range of uncertainty.

4. Simulating Mergers in Differentiated Products Industries

Rather than begin the analysis of differentiated product mergers with market delineation
and market shares, we suggest beginning with simulations. Within the context of a specified
demand system, it is straightforward to simulate the unilateral effects of differentiated products
mergers by fitting the model to the pre-merger equilibrium and then computing the post-merger
equilibrium.

We recognize that simulations are by no means perfect predictors of price and welfare
effects. Particularly if logit demand is arbitrarily assumed, simulations generally can provide
only crude estimates of price and welfare effects. These estimates should be supplemented
with whatever other information and insights are available. The point of the simulations is to

provide a quantitative starting point for analysis which could be shared by all invoived in the
debate of a merger’s effects.

Simulations are particularly useful in differentiated products industries partly because
structural analysis is particulariy unhelpful in such industries. Simulation avoids the extreme
in-or-out dichotomy inherent with market delineation and market shares. It accounts for both
competition from outside the specified choice set and for the fact that competition within the
specified choice set is asymmetric because of perceived differences in product atiributes.

Simulation makes it not only possible, but retatively simple, to trade potential efficiencies
off against anticompetitive effects. If a merger would be expected to reduce one merging
firm's marginal cost, then the simulations of the post-merger equilibrium can incorporate that
assumption. Estimates of fixed cost savings could even more easily be incorporated into the
welfare calculations. It is even possible to examine entry-related issues by assessing the extent
to which the price and profit increases for various firms in the industry create an opportunity
for entry, and by examining the effect of entry on the price and welfare effects of a merger.
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4.1 Simulating Mergers with the ALM*®

To perform a simulation, it is necessary to specify 2 demand system. We specify the logit
model. as detailed above. Logit demand is a highly useful assumption because it permits great
parsimony. All that is required to conduct simple simulations are prices, quantities, the
aggregate industry demand elasticity, £, and a parameter, B, controlling cross elasticities of
demand within an industry. These demand elasticity parameters can be estimated or guessed
atin a pinch.® Firm-specific demand and cost paraneters can be inferred by assuming that the
pre-merger equilibrium was generated by a one-shot, non-cooperative, price-setting game.
Werden, Froeb, and Tardiff {forthcoming) also argue that the logit assumption can be motivated
as a diffuse prior on substitution pattems, in that unknown second and subsequent choices are
assumed to be patterned just as knolwn first choices.

The ALM is used to predict the price and welfare effects of mergers in three steps. First,
the two demand parameters are estimated or guessed at. Second, the first-order conditions for
equilibrium pre-merger are solved for the implied marginal costs, and the logit probability
functions are solved for the implied values of the a;'s. Third, the first-order conditions for
equilibrium post-merger are solved for prices and outputs.

With the simple logit model discussed above, step two is quite simple. Differences among
the a's are all that matter, and they are unaffected by the arbitrary choice of one of them.
Thus, g, is set equal to an arbitrary constant, and the a;’s for the inside goods are calculated
by taking the logs of the ratios of x; to «,, substituting, and rearranging. It is easy show that

o, = a,+ Bp; + Ins; + In(Bp/e - ). ®
Given prices, shares, and the two elasticity parameters, each of the first-order conditions for
profit maximization can be uniquely, albeit numerically, solved for the implied value of ¢;.

4.2 Estimation of Logit Models

Estimation of the logit B from the sort of grouped time-series data likely to be most readily
available is quite straightforward. From equation 1 it follows that B can be estimated by
designating one product as the numeraire, and regressing the log of shares relative to the

“ It is also possible to usc a more complicated versions of the ALM. The use of the nested logit
model, which allows differing substitution pattems within the choice set and adds one or more
additional parameters, is discussed by Werden and Froeb (1994) and Froeb, Tardiff, and Werden
(1954). Froeb, Tardiff, and Werden (1994) also incorporate product characteristics other than price into
the estimated demand system and examine how exogenous changes in competitive conditions change
the price and welfare effects of mergers. The logit assumption can be tested, and demand sysiems other
than the logit can be used, of course.

* Experienced economists should be able to make reasonable guesses at € (although plaintiffs and
defendants might make quite different guesses). Guessing at B may appear 1o presen: a problem,
because economists have little familiarity with it. However, a full set of own and cross elasticities are

implied by £ and B through equations 3 and 4. so the experience comparable to that drawn on in
guessing at ¢ aiso provides a check on the guess at p.
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numeraire on prices minus the numeraire price. Each product (other than the numeraire)
presents a time scries from which P could be estimated, but all should be pooled in the
estimation.

Maximum likelihood (ML) estimation of the logit f from individual data was developed
by McFadden (1974, 113-30), who demonstrated that, under very general conditions, the ML
estimators are asymptotically efficient and normally distributed. Useful discussions of ML
estimation of logit models are provided by Amemiya (1985, 295-96), Ben-Akiva and Lerman
(1985, 118-19), Maddala (1983, 73-75), McFadden (1974, 115; 1984, 1406-10), and Train
(1986, 44—47).

The logit model can be estimated with _[llSt data on actual first choices, but data on
individuals’ rankings of choices can bc used to get a more precise estimate of the parameters
(see Beggs, Cardell, and Hausman, 1931) The use of choice rankings may be particularty
attractive when it is relatively costly to sample individuals but relatively cheap to elicit a
ranking of their choices when they are sampled. For example, in the Froeb, Tardiff, and
Werden (1994) study, individuals were asked to rank long-distance carriers given a hypothetical
vector of prices.

As a general matter, demand estimation presents the basic econometric probiem that prices
arc endogenous. Several different estimation strategies can be used to recover demand
parameters in a qualitative choice context with endogenous prices. The most common involves
the use of cost shifters as instruments. As an altemative, Berry (1994), and Berry, Levinsohn,
and Pakes (1995) estimate “inverted” share equations by instrumental variables. In a
noncooperative Bertrand equilibrium, a change in a product’s demand elasticity leads to a
change in its price, so anything that shifts a product's demand elasticity, but is uncorrelated
with unmeasured quality, can act as an instrument for price.

Hausman, Leonard, and Zona (1994) exploit within-choice variation across cities to identify
price elasticities, using as instruments for price in any given city, the prices in other cities. An
advantage of this approach is that it permits the use of high-frequency, supermarket, scanner
data without the need for additional instruments, such as cost components. A disadvantage is
the assumption that demand shocks are independent across metropolitan areas. For goods with
large seasonal variation in demand, or with national advertising campaigns that affect various
cities at the same time, this assumption is likely to be violated.

Froeb, Tardiff, and Werden (1994) use within-choice variation in price 10 estimate price
elasticities of demand for long-distance carriers, Sampled consumers were asked which of
three long-distance carriers they would prefer at hypothetical prices. Surveying consumers
about the choices they would make at different hypothetical prices has two advantages. First,
price is allowed to vary experimentally across consumers, so there is no endogeneity problem.
Second, price can be made to vary in any relevant range, so that answers to questions like
“how much will price rise following a merger?” can be answered without having to extrapolate
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outside the sample. The disadvantage is that the surveyed preferences may not correspond well
to actual behavior.

4.3 Illustrative Merger Simulations

Werden and Froeb (1994) simulate the price and welfare effects of hypothetical mergers
of actual U.S. long-distance carriers, using estimates of both elasticity parameters from other
sources. A striking fearure of their resulis is the substantial asymmetry of the price increases
between the two merging firms and between the merging and nonmerging firms. For the
mergers involving finns of very different size, the smaller merging firm increases price at least
several times as much as the larger merging firm. For all of the mergers, the nonmerging irms
increase price by a fraction of the amount that the larger merging firm increases price. Also
interesting is that mergers not invoiving AT&T lessen total welfare very littie; even the merger
of MCI and Sprint reduces total welfare by less than .05% of pre-merger revenues.

Werden and Froeb also consider a nested-logit specification with the non-AT&T carriers
in a nest. With this specification, mergers not involving AT&T have less of an anticompetitive
effect and actually enhance welfare. They also consider the possibility that the cost advantages
of large firms can be extended through merger. They find that when a2 merged Girm is assumed
to have the lower of the two marginal costs of the merging firms, all of the mergers enhance
welfare except that of AT&T with MCI, aithough the welfare gains are all small.

Froeb, Tardiff, and Werden (1994) conduct 2 similar exercise for loﬁg-dismncc carriers in
Japan. They use an estimate of € from a published source and estimate P using data from a
survey of residential customers. The structure of the industry in Japan is similar to that in the
United States before the break-up of AT&T. with NTT being a dominant firm with over 85%
of the residential business and other carriers disadvantaged by not having equal access to local
telephone subscribers. With greater firm asymmetry than in the United States. they find even
greater asymmetry in the price effects from merger. For the mergers involving NTT, its merger
partner increases price more than 10 times as much as NTT. The nonmerging firms increase
price by a fraction of the amount that the smaller merging firm does, and by less than [ % as
much in several cases. Mergers involving NTT reduce total welfare, while mergers not
involving NTT enhance total welfare, if only slightly.

Froeb, Tardiff, and Werden also consider how the effects of the mergers wouid be different
with more equal access. Premerger prices and market shares cannot be observed in this case,
but rather are predicted using the estimated logit demand system. They find that more equal
access increases the welfare loss associated with mergers involving NTT and generally
decreases the welfare gain associated with the other mergers. This occurs in large part because
substitution to NTT resulting from the mergers produces less of a welfare gain with more equal

access. It is notable that more equal access reduces market concentration yet makes the
mergers more of a problem.

Feldman (1994) simulates the price and welfare effects of the actual merger of two HMOs
in Minneapolis, which occurred in 1992. The two HMOs accounted for half of HMO
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enrollment in the area. Feldman specifies a nested-logit demand structure, with different types
of health pians separated into two nests. He uses estimates of the demand parameters from his
own prior research. Feldman reports widely ranging estimates of margin increases, reflecting
the fact that the merging plans were more imponant to some employers than others. For the

one employer offering HMOs of just the merging firms, he estimates price increases of about
19%.

4.4 Insights into Logit Simulations Gleaned from Experience

Logit merger simulations do not involve explicit market delineation; however, the implicit
market delineation associated with specification of the inside goods masters in three ways: (1)
prices of inside goods are set through the noncooperative equilibrium simulated by the model,
while prices of outside goods are held ‘constant; (2) cross elasticities of demand among inside
goods are constrained by the logit assumption, while cross elasticities of demand between the
inside goods and outside goods are unconstrained; and (3) profits associated with inside goods
are included in total welfare, while profits associated with outside goods are not.

Inside goods and outside goods may exert equally important constraining effects on the
prices of the merging firms, so limiting the set of inside goods does not assume away important
competition from the outside goods. It is essential. however, that the demand parameters used
in the simulations be estimated for the set of inside goods actually used. Narrowing the set of
inside goods normally increases the aggregate elasticity of demand for those goods.

Apart from obviously poor substitutes, three types of products are good candidates for
exclusion from the inside goods. First. it is safe to exclude minor products (e.g., those
accounting for less than five percent of consumption) because their prices will be affected
hardly at all by a merger. Exciuding them treats them as a competitive fringe within which
prices are constant. This treatment may be sensible a priori and will have virtuaily no effect
on the predicted price increases for the merging firms.

Second, it may be best to exclude products believed to be particularly good substitutes for
each other but not for the products of the merging firms. This sitation is inconsistent with
the substitution pattern implied by the logit model, and excluding the products is much easier
than using a model that more accurately reflects the true substitution pattemns.

Finally, it may be best to exciude products selling at such low prices that the simulations
infer them to have negative marginal costs. When minor products have negative inferred
marginal costs, the reason is either that they face particularly good substitutes, contrary to the
logit assumption, or, more likely, that they are being priced in a manner inconsistent with static

* Feldman's approach differs somewhat from that described above. Since HMOs can price
discriminate, Feldman estimates separate effects for each of the six firms that had offered both of the
merging HMOs. Feldman also does not solve for marginal costs but rather expresses the model in

terms of markups. and he uses premerger quantities predicted by the model rather than actual premerger
quantities.
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noncoaperative price setting (e.g., penetration pricing). In either event, excluding the products
certainly causes the model to better fit the data, and this may make its predictions seem more
plausible.

Confidence intervals on the price and welfare effects can be calculated in a straightforward
manner to reflect uncertainty about one or both of the demand elasticity parameters. Some
caution must be exercised, however, since total welfare is not monotonic in &. Experience also
indicates that the predictions of the simulations may be much more sensitive to changes in &
than to changes in B. On the other hand, if B (more precisely 8P) is very large or very small,
the effect of a merger is slight. When B is very large, the effect of a merger is slight because
the inside goods not involved in the merger are very good substitutes for those of the merging
firms. When P is very small, the effect of a merger is slight because the products of the
merging firms are not very good sut‘:stimtes for each other.

4.5 Alternatives to Simulations

An alternative to merger simulations is to estimate the relevant demand elasticities and
calculate the post-merger equilibrium from first-order conditions, assuming that all of the
relevant elasticities are invariant to the price and guantity changes resulting from a4 merger.
However, this assumption is unlikely to hold. Most often, increasing the price for a product
increases the elasticity of its demand. There is a strong tendency for this to occur, because the
price increase induces a gquantity decrease, and both of these effects tend to increase the
demand elasticity. If the elasticity of demand does increase as price is increased, assuming the
contrary leads to an overestimate of the price increases from mergers, probably by quite a lot.
Froeb and Werden (1992) explore this phenomenon, and illustrate its significance.

The leading exampie of the elasticity-estimation approach is Baker and Bresnahan (1985),
who calculate the price effects of several beer mergers using estimated residual demand
elasticities. Their approach assumes constant elasticities and that the merged firm acts as a
Stackelberg leader. To illustrate the potential for error that arises in their approach from the
assumption of constant elasticities, consider the hypothetical merger of AT&T with MCI, for
which Werden and Froeb {1994) estimate price and welfare effects assuming logit demand.
Applying the Baker-Bresnahan approach to the elasticities presented by Werden and Froeb
yields percentage price increases of 48.6 for AT&T and 101.8 for MCl. These estimales
exceed those calculated in Werden and Froeb's (1994, Tabie 3) logit simulations by a factor
of 10 in the case of AT&T and a factor of 4 in the case of MCI. Virtually all of the error is
from the assumption of constant elasticity of demand; the assumption of Stackelberg
equilibrium turns out to be unimportant.®

* The Baker-Bresnahan approach also requires individual-firm cost shifters as instruments. and this
may be a significant drawback since good instruments are hard 10 find and weak instruments yield
estimates with very large standard errors (see Froeb and Werden, 199], 44-46).
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Hausman, Leonard, and Zona (1994) also calculate the price effects of several beer mergers
using an clasticity-estimation technigue. They assume a multilevel almost ideal demand system
(AIDS), and estimate a host of elasticities, using a pane! of scanner data from supermarkets for
various cities. Hausman (1994) applies the same techniques to predicting the effects of new
products in the ready-to-eat cereal industry.

5. Conclusions

Structural merger policy leaves much to be desired, particularly when applied to
differentiated products. As an alternative to focusing on market delineation and market shares,
we suggest that the price and welfare effects of merger be simulated in standard, tractabie
oligopoly models. We propose the logit model, which has the great advantages of simplicity
and parsimony of parameterization. The mathematical properties of the logit fanction not only
assure a unigue solution in theory, they also make it relatively simple to find it in practice.
And the only inputs necessary for a simulation are market shares and prices premerger, and two
demand parameters. We also believe that the logit assumption is the most reasonable one to

make in the absence of either strong contrary prior beliefs or strong contrary empirical
evidence.

A common reaction to the notion of logit merger simulations may be that the logit
assumption is arbitrary and almost certainly wrong, and therefore, that the entire exercise is
uninteresting. This reaction misses to point. Even if the logit assumption is incorrect, logit
merger simulations still provide a starting point for discussion and analysis that is vastly
superior to that provided by structural presumptions. A _rough quantification of effects may be ‘
the best one can do in many cases, but under the best of circumstances simulations can provide
reasonably reliable estimates of the actual effects of proposed mergers. That would be the case
either if the data indicated that the Jogit assumption was approximately correct, or if some
other demand system supponted by the data were used instead.
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